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°l^ a J tfl^H f^ H J* *)-8-*M, <^7}^ £ f^«j^ ^ 

# ^z^^, ^z^oj s]a]z]-7)^ aV^^tH^o] ^jojx]^Hl 5. 

*fl7i*Rr #3), ^>7l ^1^7>i7l- sHz^ofl ^ # ^fA] 7l ^ ^7j) 

5. 1 
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^SfJ-i: °l-8-3r #tfl# ^zHN ^ ^^-^ {Layer-by- layer etching 
apparatus using neutral beam and method of etching using the same} 

£ l^r ^aHH 4=. f^ai^ ol-g-tr ^^f^m M- 

£ 2a 01^1 5L 2eTr ^ ^*HH <4€- ^cfl# AizJ-aJ-B^ 

£ 3^b rq-^ ^tflf^ aiz^h 0 V^o] hI-^^ho]^. 

10 ; 20 ; m 

30 ; ^AA^ ^h-t- 40 ; wfl#^ 

50 ; 60 ; ^}o]x) 

62 ; ^^^7]^- 70 ; ±£.^7}^ ^-g->gji 

72 ; 74 ; ^7>i ^-^-^w. 
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80 ; sl^7>i 82 ; *\x}7}^ tifl^ 

90 ; «]-§-^^ 

'^1^-^ #^#(Layer-by-Layer) ^^H)-*] ^ 

^Tfl^Ai cl^oll-ol 0.25 /an <a^l^)^(Critical 

Dimension)7> A^-^H o]^tf. ^^fl o]^*j- u^njEi-g- i&;e.*I14i*}# 
*>7l ^ jixgTr #5^>(High Density Plasma) ^^l, «>-g- 

q o)£- -^z]-^! (Reactive Ion Etcher)-g-5] o)g- 7^-%. M^ti} 7 } ^S. Aj~g- 

^7fl§>ji ( ojs. 0)^0] ^tifl e V^ °flM^5. te^7l^r i&^b «VE*H 

#33, ^7]^ ^lAl^cf. 
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<16> cfl 5 ^o] t £^SLg.x\, o}^ 9 ^. 71 ^ 

^(dangling bond)°-S ^7l3£ fh}. ^ 
^ ^s.£\ ol-qe|- ^7l^j ^«€SH ^Msi zi 

(charging)ofl 7l<y h=.^ (notching)-§-°fl #71^ <=>>7l 

St!-, °1^*1 , ^7l^ ^Sjo]^ ^.^6)1 o}^- ^<goi4 

CF^) til-g-7}^# Af-g^fe- C-F ^-g- til^-7>^oll fi^s] o_ 

<i7> nJ-eH, q-^ojE^ avs^^j-ofl ojo^ oje^ o]£-oi) <^ #5l*}, £7) 

SH ^ &i=r 7fl^Sl a>£^l ^ ^Z^^l cfltl 7fl#o) 

<18> *1^, #2flo])^ ^tiV^O.^ Lfl W-AlAjol +^r& ^2j-#, W##ofl 

°l-§-*>S4. °1 "^£r -§-^2j-£] tiV-i-c^] ol^V a> 

4. 
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<19> ZL&K, °}*L& °)£r^2\ -Mfe- ^^^lS. S^Kr # 

44 3*1 S^- T &4. 44*1, AW 9X$= W°] nfl-f 4^ 

n ^ 7 > 4^0.3. nfl^-ofl ^g>^ 44 £o]M. ^ 

AW 9XA W*}?W A3- ^4534. 

<20> St!-, #2fl^ ^T-£^l 4^11 ^ZHJ-Sjfe ^Z\7\^9\ JEfe #4^4 

7> 71* ^ 444^^1 ^te^S. 44 

<21> 444, ^4 3^4 *H44 1 34 °l^r H J ¥^1 4«- 444# 

-£.^44*14. 

[^o] ol^-ji4 7l#^ 441 

<22> ^ 7 }i£ ^4^%^ t%2k*}7] 4U £ ^4 4^4 7}^ 4^, 

4£tl 4^14 f^ u J* 4-§"44, 447>i^ ^ £ f^«J4 d&4# 

4444 444# ; U#ofl tfl«- 44^ €4^43. 44^-5.4 44 34« € 
4 444-3L, 444M#4 tfl^- 44 4^41- ^ #4°J 

# 4 -§-4 444*1 ^ 44^* *0*SHr 344. 

[^"34 5j 4-g-] 
<23> 41-7I £ ^4 4 #3 4^]# ^44 £ ^ofl 4€- 4 

-g-tt 444"4^, 4^4 4^471** 4= ^1441" ^H] 
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*}±r Sl-S-^tH, #7l tiV-g-^HiflS. ^^-^71 i^.i7>^S^-Bl 

^^l^r f^ial iH^, -8-71 ^-g-^Hl^ A>o]ofl 

^l^M #7l ^r-g-^HliflS.^ S^Hr ^ B] , #7l ti]--g-^^lfl 

<H«H, #7l A^Ei^ 7fl^ll- *)H*l~b i^-tb^. 

#71 ^S-f-^, ^^^1 ^# a J A>-g-^ 

^51 $14. Hith #7l f-#lfj ^J^r #7l ±li7}iS^El 
^ 0]-^* 7>#A] Z] ^ o)£-^SL^ *> #7l Ol^^^^^w-B^ 

7>^^ $\ ^MsL^} #7l tiU}Al^ f^iajo^ £ 

SH^fe ^>*ll» ^alSM, »>^*I*WI^ #7l «VA>^1^ ^A>5]^ oJ^Hlol] 
tfl«H ZL T^^- ^ c£i=, S]^7>^t!- 7l^;O.S £ uj- £ 

^17>5)£^- A>-g-^- ^ ^O.^, #71 «VA>^o] ^^o. = <jj 

ti>5L^l7l^, olAj-^^ £fe ^7l?Hl £ ?A^r A}-g-^- ^ oicf. St!", #71 

o]^^.^ ji^je «el^ #e^p> ^ ICP^ oi^ ^o. xyj^ig + 

#71 ^^^7l^ a^E- ^Bl^# f-B-*l 7l#°H, #71 ^#«J^r 
f^Sjo]^, #71 *\Z} 7 }^ <£± A>-g-^ ^ &Ou}- ( 2)#zl-7l^; 
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< 26 > Aj. 7 | «v^o^ 7i#^j 4^11- ^s*M fl* €■ ^°fl *m 

<27> ^Zl"7}it ^"71 ^7}^ ^T^Rr , 

(Layer-by-Layer)^-S <*]zJ-*H, #7l A>ol^^- nflp>cf #7l ^^z^- 

a^oj] ^tiVnl-3.^ A1^>3E^- 

<28> #71 «J # ^A>A] 7] ^ ^H^l ^-7l S^Zj-^ ^ 

<29> # 7 j SHZH^: ^<^£ ^^fr f-H-*> *fl* 
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<30> ^7}^ *W*Rr #31 ^ #71 A 1 ^ ^1^^ 

<31> ^ ^"71 f^^§- 2:A>^ #7]]^, 4^ 1H^*1» 

^«l*Kr ^^S^-Ei iH^fe SA^tf. ^ y J 2] 2A} 

#4) «d #-g-^ *}°]o\] ^ SZ4. 

<32> i^ofl ttJ-Sig, cflAjofl ^^al^ Aj-g-^ 2)<!0^7l^ 

24f *)M*H T 91?) ^ 

^-^^^ 7l#^ ah>v «^ ^o,]^ ^^7H <^fl tq-^v ^Efls. 
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**N «J^>: 2002/1/15 

• £ i* ^IWI 7j«s] fe frMtfUso).** ^z^o, ^ 

fe 3)7)7^ * #S J? fe «ir¥(80)7 r ^ )SH XJO^, tt ^ flB , 

(90)4 *«* *KH| fe ***** w*\ Sfe ilWH »K#H + 

Xife *)7,7 Vi u,) # « 82)7> Mcf ^ SHr?N<90)*l 44*4* 

ElJi #7l ^ = (Turbo Molecular Pump) 7)- -87)1)0) ojc). 

- W. #7) *«, « Wl0 )^ t iii7 ) if WtH4 . iii7>i ? 
W Wo,. ^ i7}i2) W ^ i7 ^ ^ 

Wi WD|i ^ ^ 

a * Ma(74)H „ HsH ^ (20)o)|fe ^ 7W# ^ 

t ^*l*l(72)7l *j*, € r+. M> iii7 ^ W-Jjkto). 7^ W(72) 
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£ ^>-g-^fe ^1^1 S-fl^ 

^^>7l , ^*HI ^ 2000\S 22<a*VS 

tfl^ni^- #^«iiL *fl 00-69660^^1 7^}s\o] #^ ^H<3} 

^S-g-^iLS ^Wl #*fl ^^1^- 

A>A]^ #71 °l^]-§- ? ^10 S ^^Al^J #71 *L*83S4H ^ 

A^ 7 1^ £|*1A1*| #71 f^lH ^*fl #71 S/\q*t7]&#4\ ^ ^ 

^171-q^^l Stflfe Hl.<flol.«^(B.A.Helmer) g . «1 .ZLEflo] 
i(D.B.Graves)*H ^*fl fe-§r ' Molecular dynamics simulations of Cl 2 + 

impacts onto a chlorinated silicon surface: Energies and angles of the 
reflected Cl 2 and CI fragmented .Vac. Sci. Techno 1. A 17(5), Sep/Oct 1999) 
6j| 9l°-v\, £ fe^-°fl ^*>^ #3.bMH.(C1)£| ^^(monolayerH 

^5l^7l^Hl Cl 2 + °1^ °^ A >^ °1^S <3 
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*r ^^Jl ^pj ( x^o} 7 \ 85°^ ^A>z^-o.s ^a>^ 

Cl 2 «-*W tfl*M Cl 2 ^ CI fit ^KPolar 

angle) 4 ^^(Azimuthal angle) AS 5.*} *}JL &r}. fe^l ^7^}^ 

£ 4# ^S*^, ^l^r±i^-i(210)^Bl ^^alo) o]^w]o] 

01^-^^(210)^ ^^6fl ^*l*Rr ^^tV *]^.g- ^^(216)^- 
Jf. WVAJ-3K218H1 ^ f^ B J^.S. Jf- ^^z^7l^:(220) £S 

3r|^z|-7l^-(220)^ ^ ^^W. ol^A^ 

(210)^ ^ a}o. 7 }i£^El ol^yj^- &s$X\Q ^ 5^ , 
^HHHiir -R-£^<a (212)^1 -frS^-ir <?]7>^-o.S.M| ^a*}-* 7)^ -ff- 

SL^^ #^P>(ICP) ^8#*|* AV-g-^^O.^, J7^£ ^^3- #5^} ^ 
^1 ^ Cf^*> ^BflS. Ol^^l- Aj-g-iJ- ^ Ol-g-g- t^olcf. ^-7] 

01^^(210)^1 ^#^]^r ^i < a- < ?]7H ^*fl 7>#A}^ ^ ili 5 -^, 

^11 ol^Bjol ^ flfe 4^7fl^ ^*o] ZZS]i=(214)7> ^ 

^7l °]£-^o_^(210)£] ^^EHItt #°<Hl ^^*V ^ S^=r A}- 

^^(210)S^-E-1 ^#5^ 7H^ oj^-til ^ofl^ <a^^ o. 7^^, 

^Al^Jl, ZL ^ °l£r^£- ^HliflS. ^A>S)^1 
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& SL<*€*1 € 3* «oM*fl# ^ 6 W4, ^>3H|(218)S^ aU} 

<44 > ^-7] o 1 ^ r «g^«.(2l6)sl ^^lfe °1^# 

^ ti>AHl(218)7l- *fl*M 3^ 7l^7lS tiB*m^. W ^>A>^ 

(218) 7l^°>^- HAl^^nV, ^<y*> #3 6.S ^« 71*71* ^ 
^ 7 fl^ ti]-A}^(218)7> *>i4^ **flS. <r <&A>*l|(218)te =L 

A>3fl(2is)fe nn, m at ^ **- 

<45> ^d, ^71 *A>J(||(218)^ 71^71^ ^71^ #7l 01^^^(216)^1 W 

£ H7H1 31-8-7*5=* Si^tt. ^1 o]^^^ 

«>a>^(218)^^ *JrA}3l(218)^l 2.^5-^ VSL3.#\ £A>*fl 

(218)41 ^ S>*>5?*1 2>^r ol^o] ^3*1 #5i* fct)-. £ ^ V 
71 ^VA>^1(218)S1 71*7^ *fl«H *M5= 5°vflxl 15 0 >33WH 2^ 

m <r $14. ^>AHK218)Sl ^^1 tfl*V 71^-71^ £ 5<*1M 7}^SL£. 

*V °jA>Zl-(0i) ^ H>A>Zl-(^r)4 7^ ^ AS-A €4. <#7] 4^ 
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°fl tflt* 7l^-7l7> 3<H£. 5 og]^ 15°^^ ^1 ^J^r «1:^1(218)^ tfl*H 
^r^tb 7l^o.S tV ^zfo] 75°^*1 85°^ ^^$4, 

#7] ti>A>^l (218)3.^ ^«r€ ^^S^M) si] 

^^-7]^(220)ol tifl^^cf. -^-71 ^i^-7l ^(220)^8: ^£flolxK£Al<£^)^ofl 

*|*mt}. ^g, ^-71 w]-a>^ (218)21- ^^z]-7l^:(220) ^0]^}^ 

£ 5fe ^^^7> #£sH^ CTgol^]^, ^ l4 

tilJU^-c^ ^^51 ^l^^S-^HlAi # 7 1 ^-^71^(220) *l3Hl ^ 

B\ <U^kV 5fe o]^«l^ 7>^Al7lJl ( #71 7>^ <y 

^ ^-f-71^1 ^3 o]7>^ -^7fl<3} ^-g-^ tiVA>^oH WVA>A]^ 
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< 48 > £ 5# ^-S^, ol^^^> 1 (210)S^-Ei 1H3€ °l^ y J^l 

s # 01^-^^(210)^ 3*l*Rr ^-§-^ wl^l^l ^a}^ -f ^ — 

5 ^ ^^^71^(220)^-5. ^A>£lol 2l^zl-7l^-(220)^ ^ 

^z^cf. £. 6^1 *\ £^1^1 #5fr*l<2!:, ^"71 ol^^.^(210) 

^ ol^«i^«.(2i6)7> «Al & fs 

<49> #7l ol^^.^(210)^ ^-Mfe ^ < a'^l7H ^*fl 7>^Al^ ^ 

SZjOt^, fA^ ol^yjo] ^ oj fe ^ 7 fl si ^§(214a)ol ZLB} 

= (214)7} ^^tk 

<50> ^ ^aHHIa^ .2.^(210)^ ^^^71^(220)^ A>ol 

ofl « 0 >aV^-o.5. ^Hr7fl£} ^^-^ i£AHl(240a, 240b, 240c, 240d)7> ^-v] 

^4. ^-71 ^>^lfe ^VWtt *W ^<y-ol oi 7 i.s| £ ^. 

^€4. 4^*1 ^ ol^aiol Qjg-tg a>AHll- ^ 

ol^yi^ ^.<£i£ 9j7>^ tiJ-AHl^ ^^°] ^-g-^-ji, ol^ y J4 cf€- 

^O.S. o]7l-^ til^l-^lSl-^ o]^ol ^-g-S}^ o]^ol ^-g-^Rr ^Af^S! 
yU}£ Jf ^Jf ^ «VA>^11- A>oll- ^-4^ * 21^471^(220)^1 ^4 

^-§- ^*8*K5M| ^3<H ^7flSl Q3§-f§ tiV^ol Zjo], tilT^ 

^ AA o1 7 >£l^ 3.71^ -^TlHl 4 51- ^ ^ ^d^€ A >^°1 H , 

^-71 a>A>^oi T^-g. £ 4 o] ^ahi<4 ^OJ^ 7fl^5l ^ A>-g-^- ^ $Zo.^, 
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< 5 i> £ 4aH«H # 7 1 l u Hlt^ =l 7l^7l7> #bH<L3L <8 

917}S\^ &<&2\ ^7l» ^ ^ 0 ^>^ ol* w J^ ^ 

3^. - oi o. ^ol4. nJ-eM, ^A>^ifl6flA-] ^^tt ^ns. ^a} 

o]:f 7|<2l ^Ai^Vo.^. ^1*3^- ^ °1 ^ - 
<52> oH£ ^71 €^ ^>^M tfl*H <a*>3*r ol^«j^ ^ 

tilAHl^ «Va} a^^l tfl*H 5°^*1 15°^$WH 

^ah^ais. -8-71 *a>*II3 ^#°fl ^=.71- ti\ >£*m *r 5£ 

odJ, 2. 14 HlH«H 3^ 7]^(220)^ ^^7> D| ^*1€4. 

<53> oi^Hl^fe # ^3 °^ ^ A HH ^ 

<54> £ 2a ifl*l £ 2e^r £ ^°fl M« ^ €^*> 

<55> £ 2a^ 3XMZM-^(100)21 ^7} ^^^3.(110)^ ^*fl 

o>j7 ^1 ^7}^(120)# ?#*Hr #3l» £^°14. # 

71 3*HihM*(100)£ S^r #5l^Bl^om ^ol- ^ajS* 

■fr* ^V£^)7l* AHlolTluf «>H^7l^ S^^l ^^^#^^(100)01 ^^tt 

^1S <8^€ 3^ ^£ 5U4. ^-71 A]zi-p>^(iio)^ <4l» #<H, 3^1*1^ 
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{120)7} ^ l-^o]^ S^t)-. %7) ^^n>^3(110)^ *#3 

#-fHl tfl-§-*H ^ £ ^HHH^r ^el^# 

^#(100)<^1 ^-^5]7l7j- -g-o]^ <*£_7\^% *\-%-^t}. £ ^HHHtt ^ 7} 
^« 41* *<H 0.5 seem ^j£S. -^g-Sfl^cf. 

^^7>i5l S. 1* %3i$t<$ ^1H^-(50)<»11 3*fl ^E^^l 

*](72)* i = ^Bl(20)» ^Jf(10)S^B|fi| 

^^1^14. ololA-l (50)0)1 Xjzl-7^ ^«JH(74)# 

£ ^147>^ ^€(£^1^)^^ ^Zl- 7 }>i(120)7l- #^7}^ ^^(30)^1 

**fl 1^ *R>^°J: #-§-^*K90) « -ft-^Al^l^ #71 ^21-71-^(120) 

S^^Tr ^&Q7}2} 9i^7}^ ^7}# -g^tb 37] S ^^Al^ £ 

*l*l-5S*m, ^el§ oj ^^ojj tfl^H ^7}^ £7} *>q-7> ^sloi a^o)! <g 
5H^(SiCl 2 ) Sh§-*M #71 <*^7}^sq -B-^jAi^ i m^i 

40i ^£.71- ^ ^ ^SL^- #71 ^^7>^ a (74)1- S^Kr M w^^j 

«M, °H #-§-^«l(90) ifls] S7l ^HCbase pressure)^ ej= 2 >10- 6 (torr) 

£ 2bfe si ^^l-l-^^C 100)^1 g_T$o\] q2f7}Ml20)7} %%s\5L 
*^3*1 ^21-71-^(120)1-^ ^171^ s)*l M« J±<^-er £^ol 

4. 51^1 ^T^HlAi^ ^Xl7V>lS.Al l-##7l^l, ofl*. ^^7>i« A}-g-W-. 
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x£ loflAi ^7}^ (74)1" ^-g; ^. 

^7>i^ ^1 V\x}7} + tifl#^(82)# -§-«H tifl#€^. 

5L 2c^r ^ y J(130)^r 24^1^ B-*^ H^m. ^W^l 

1- «<H ^oltfl ^A>Al7jcf. oH 7Hf4M*lte ^^^(lOO)^ 

Stfc|X] ^E^o] ^o^l ^HS. 4* ^ 50 eV ^*>7> S|5i* 

» £ 2dfe ^zm^fKioo)^ a^Hi *^sa« *]<M3 ^3- 

fl^(140)7> «J 9\ 3^A\o\\ 9\n Tg^S)^ ^^JL *fM3*r 3* 
uJ-Bl-^cl-. ^"71 -ii^-^Al oj-^^r ^ 4 >40- 4 (torr)^£S. -fr*l*Hr 

* ^^i7>^ «n#^(82)* tifl 

1 Q*}6\] tH«M 2 ^7>7> 3**M *H&°H 1 **HI *I*I*N* 

^tiv ^jepIoI ^zJ-s|<H >fl7l€^. ^4 1 4°lt ^ 

ofl #<£%S>\ £$V<& 0.68 -g-JliSf- ^5L7> ^€4. 

3i> £ 2e^ tq-Al *V aH#3 ^z^-fr * 3*WM*(100)3 

#o] *fl7m 2-^ m-bi-^ s^m-. 
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<63> £ 3^ ^5] Ajzf^o} j A>ol # ^ ai^^ 

4°^ ^^7>^ 3^1#7fl(2), ^El 7fl« 0 ^ ^AjtiJ 2 A^7il(3) ^ i^^-Afn 
<64> ^ ^^o] ^AHl-i-ofl tfl^ ^T^c^]^ 

IH?-^ *§ef)3. ^ 510^ s)-ai^^ 

cf. SE*1 noil n)-^ ^-ig^j a]z]-« 0 V«io} : Aj-oj## ol «^ z)- #74] <i] Aj^Vo] 

<65> ^ ^ofl rcf5 1 g ( o]^al rflA]^ o. Af-g-^ Alzj-^.^^- ^^§>7l 

nfl£-ofl s)Alz]-7l^-o11 cflf}- ^71^ ^o] J L j 2 )-7> ^cf. 

<66> a ^V, £ «V^^ tcl-sig, ^7}^ ^ ^ ^ «J °] ^AfAlTio] ;*^> 

4- -§-°l*l-^ JL2J-71- SJcf. 
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*$qa± o)£\Ht ^ <r^H ^-*^^$H 3 
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i] 

#7l tihg-^ttHofl ^ ^7f ^# -g^^ ^7}^ ^^Jf; 
#7l al-g-^^ifloll tj]^) 7 ^^. ^-^^ 7}i -^^Jf ; ^ 

#71 iiL^7}^, ^7^ ^ ^1^7>^ ^)H^ ( 
«1- ^H*fe ^H^-# ## y J# ol-g-^V ^tfl* Alz^^ 

2] 

*fl 1 *oHl ^V 7 ) ^«.- > 

#71 iii7}i S ^E) g>g« ^* ^ Ol^yj^ 71-^A] 2] 

#71 ol^^^H El 7] . # ^ o^o} ^l^Tl^Hl ^-71 Ol^ 

##°J^- °l-§-*> f^tfl# ^^-#^1. 
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MIt 1 * 3] 

*fl 2 ^1 &<>H, ^"71 ti>AHl^ <^}S)^ Ol-^BI^ tfl^ ^ 
[^T^ 4] 

^l-§-t!: 
5] 

6] 

ICP^ °l-&7i 0 J# ^^-S. f^f]* ol-g-tb ^^^1. 

I^^S- 7] 
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8] 

sj^zj-f^l 3)^471^1; ^f^t^o} ^M^Ml S*jJ*Hr 

A>7l ^7}+7\ S^Zj-^ofl ^Wl^. ^Aj-A] 7j^ ^7j) ; ^ 

# 7 1 SAHl ^*fl ^7i^ #711-1- S^Kr 

[^nF* 9] 

-« *fl7iSRf #31, S A]-Al7l^ #7fl ^ *fl7W 7]^ # 

711* & #71 t^z}-^ ^ S #C.^«. 

3 # tfl # (Layer-by-Layer ) ^.S ^sHr 3* ^HJ oj-g.^. 
10] 

*\) 9 ^Hl flo^, AH^g- *}-# ^ p>cf ^. 7l s^z^o} K 
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*H 8 *J-°fl &<>H, #7} f^«J* S^l^lfe #7} ^*|zj-f^ a 

£.3. s}^ ^«J* ^l-g-tb 
[^^%V 12] 

*H 11 *cMl , ^"71 7>^ <Hm^lS 50 eV°|*}-7> *)H 

13] 

5L SKr #^ ti J* °l-g-^r 
14] 

*V ^ y J* 
[^T 1 ^ 15] 

^1 8 %H1 &<>H, ^71 f^«J* #3l^r, 

i^7>iS.-^Bi ^^tb ^* £fe 0 l£r^* 7>#A)?J ^ 
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1] 
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